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Abstract
An Analysis of the Impacts of Land Use Change and Greenspace on Runoff Rates
in an Urbanized Watershed
Kelly Anne Niemeyer, MA 
University of Nebraska at Omaha, 2002
Advisor: Dr. Philip Reeder
This study utilizes the HEC-1 hydrologic model interface within the Watershed 
Modeling System (WMS) software program to analyze the impacts o f urban development 
and greenspace within a sub-basin of the Papillion Creek Watershed in eastern Nebraska. 
The sub-basin, located in Douglas County, Nebraska, is currently 30% developed. Four 
additional land use scenarios were created. The first three scenarios represent a 
progression of land development from current to complete development. The fourth 
depicts a completely developed sub-basin with an added greenspace system. Digital 
terrain data was used within WMS to delineate the basin and its sub-basins. Runoff rates 
were generated for each scenario. The data produced show a distinct relationship 
between the amount of developed land in the basin and runoff rates. Through the current 
land use and the first three land use scenarios, the runoff rates produced by HEC-1 
increased at both basin-wide and localized levels. The southernmost outlet point 
produced runoff rates for the current land use and scenarios one, two, and three of 15.58 
cms, 21.98 cms, 25.41 cms, and 27.94 cms respectively. The fourth scenario with added 
greenspace produced lower runoff rates than those of the completely developed basin 
without greenspace. The southernmost outlet produced a runoff rate of 26.37 cms, a 
5.95% decrease from scenario three at the same outlet. The research indicates that land
use management decisions that include greenspace will have less severe of an impact on 
runoff rates within the basin.
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1Chapter One 
Introduction
The hydrologic properties of watersheds are complex and substantial. During 
rainfall events, they have the ability to capture large amounts of water to be released to 
streams and rivers. Rainwater infiltrates into the soils until a saturation point is reached 
and then moves primarily as overland flow to a watercourse. Urban development and the 
inevitable creation of impermeable surfaces have altered this natural process. Buildings, 
roads, and parking lots all create impermeable surfaces which decrease the surface area 
into which rainwater is able to infiltrate. Runoff volumes and velocities subsequently 
increase during rain events.
In an urban setting, greenspace adds to quality of life. It serves recreational, 
aesthetic and economic purposes. This study will show that greenspace serves hydrologic 
purposes as well because it decreases the amount of impermeable surfaces created in an 
urban area. Land use management decisions have long and lasting impacts on the 
hydrologic responses in a watershed. Added greenspace can affect hydrologic processes 
by reducing rainwater runoff volumes and velocities and therefore reducing flood 
potential both within the watershed and downstream. The incorporation of greenspace 
into the planning and land use management decision making process will have hydrologic 
benefits for the watershed.
The software package, Watershed Modeling System (WMS) was used in this 
study to analyze the benefits of greenspace in an urbanized watershed. WMS was 
developed by the Brigham Young University, Environmental Modeling Research 
Laboratory. WMS provided an interface for HEC-1, a hydrologic model developed by
2the United States Army Corps of Engineers. HEC-1 has "been developed for use in 
analyzing the hydrologic processes of flood events in river basins varying in size and 
complexity..." (Hoggan, 1989, p.95). Runoff rates were modeled for the basin draining 
the North branch and the headwaters of the West branch of the Papillion Creek 
Watershed in Douglas County, Nebraska (Map 1) based upon five land use scenarios; the 
current land use, and four hypothetical land use scenarios. The four hypothetical land use 
scenarios represent growth from Elkhom, Nebraska, and westward urban growth from 
Omaha, Nebraska. The first three hypothetical scenarios represent growth without a 
greenspace system. The fourth scenario includes a greenspace system based upon the 
"Omaha Suburban Parks Plan" proposed by the city of Omaha's Parks and Recreation 
Department (1999).
Map 1: Douglas County, Nebraska
3Chapter Two
Research Design
Ration ale/Justification
While anthropogenic impacts on hydrology have been researched extensively, the 
subject is becoming increasingly important. This study is important in today's world 
because it will show the importance of greenspace in urban development plans. Planning 
with greenspace creates not only an aesthetic and recreational environment, but also a 
more hydrologically sensitive one. Greenspaces will assure increased permeable surface 
coverage, therefore reducing volumes and velocities of runoff. Lower runoff rates 
upstream can reduce the severity of flooding events downstream.
Research Questions
This thesis intends to answer the following questions:
1) How is greenspace hydrologically beneficial in an urbanized watershed?
2) Given the following five scenarios, how will runoff rates respond?
a) Current land use
b) Land use scenario one (basin 40% developed)
c) Land use scenario two (basin 80% developed)
d) Land use scenario three (basin completely developed)
e) Land use scenario four (basin completely developed with greenspace
system)
3) How is greenspace important for urban development planning?
4Research Objectives
The Watershed Modeling System (WMS) software package, which provides an 
interface for the Corps of Engineer developed hydrologic model, HEC-1, was used to 
model runoff rates for the five land use scenarios. The following objectives were met to 
answer the research questions:
• Define soils and five land use scenario coverages in ArcView 3.2
• Delineate basin and sub-basins in WMS
• Compute Curve Numbers per sub-basin within WMS for each land use coverage
• Use the HEC-1 interface within WMS to calculate runoff rates for each land use 
scenario at both basin-wide and sub-basin levels
• Analyze the impacts of urban development on runoff rates at both basin-wide and 
sub-basin levels
• Discuss the potential for hydrologic modeling in the planning field
5Chapter Three 
Study Area
Location and Hydrology
The Papillion Creek Watershed in eastern Nebraska originates in Washington 
county and drains much of Washington, Douglas, and Sarpy counties before emptying 
into the Missouri River. The North branch and the headwaters of the West branch of the 
Papillion Creek Watershed form the sub-basin used for this study. The sub-basin study 
area covers approximately 90 km2 and is located in Douglas County, Nebraska (Map 2). 
The West branch of the Papillion Creek is bound on the west side by the Elkhom River 
watershed and flows southeast through Elkhom, Nebraska and into Omaha, Nebraska’s 3- 
mile jurisdiction. The North branch flows through a relatively unurbanized area until it 
meets the western sprawl of Omaha near 168th Street and West Maple Road. The 
majority of the land use in the study area is agricultural.
Climate
The climate is characterized as continental. Douglas county experiences warm 
summers with temperatures averaging 27.8°C, 31.1°C, and 29.4°C for the months of 
June, July, and August respectively. Winters are cold with average temperatures for the 
months of December, January, and February dipping to -7.2°C, -10.5, and -8.3°C 
respectively (Bartlet, 1975).
About three-fourths of the average 72.1 cm of annual precipitation falls during the 
months of April through September (Figure 1). Precipitation is slow, steady, and well 
distributed in the early parts of spring (Bartlet, 1975). As the summer progresses, rainfall
6events occur as more flashy and erratic thunderstorms. These storms are usually 
predominant by the end o f May and usually occur at night.
December
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□  A verage Total (cm.)
Figure 1: Average annual precipitation (Bartlet, 1975)
Geomorph ology/Geology
The bedrock underlying the Papillion Creek watershed is primarily limestone and 
shale of the Kansas City and Lansing Groups of the Missouri Series of Late 
Pennsylvanian age (Miller, 1964). The bedrock is overlain by the Sappa Formation silt 
and clayey silt o f Kansan age (Miller, 1964). Medium to coarse sands of the Crete 
Formation of early Illinoian age overlay the Sappa (Miller, 1964). Loveland Loess was 
deposited by wind over the Crete Formation during the Illinoian Glaciation (Miller,
1964). Loveland Loess was subsequently covered by the Wisconsin aged Peoria loess 
(Miller, 1964).
The soils today are mostly from the Marshal-Ponca association which are deep 
and well-drained ( Bartlett, 1975). A portion of the study area is located within the
7Ponca-Ida association which are, "deep, well-drained, strongly sloping to steep silty soils 
on bluffs adjacent to the Elkhom River Valley" (Bartlett, 1975). This is a moderately 
sloping area with a 0.6% slope from the northern point on the watershed to the outlet 
point.
Land Use
The northern most portion of the basin is farmland, with urban development 
increasing towards the southern portion of the study area. Elkhom, Nebraska, population 
6,062 (United States Census, 2000), is also located within the basin. Omaha's three mile 
jurisdiction encroaches upon the basin and its city limits stretch into southeastern portions 
of the study area as well. Omaha's population is 390,007 (United States Census, 2000). 
The total population for Douglas county is 463,585 (United States Census, 2000). The 
land use in the southeastern reaches of the basin is primarily residential and commercial.
8Photographs were taken of the basin and stream reaches April 16th. 2002. They 
show both urban and nonurban areas of the watershed. Photograph 1 was taken at the 
confluence of the North and West branches facing south. The w ater levels were quite 
low. Channel cutting is clearly evident in this photograph.
Photograph 1: Confluence of North and West branches
9Photograph 2 was taken north of the confluence along the North branch facing 
southeast. Low density development extends to the stream on the northeast side. 
Agriculture land still prevails on the west side.
. %-f .  J i l l
—  • -.g .. f t  d f c i f e  f e __ ___   j U
Photograph 2: North branch, north of the confluence
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Photograph 3 was taken north of photograph 2 along the North branch. It is a 
typical view of the northern reaches of the basin where the land use is primarily 
agriculture. A large lot housing development can be seen in the distance on the 
photograph.
r  .
Photograph 3: North on the North branch
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Photograph four was taken in the town of Elkhom. The main street running 
through the Elkhorn is 204th St. Land use shown here is primarily commercial.
Photograph 4: Elkhorn, Nebraska
12
Map 2: Study area
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Chapter Four 
Literature Review
Urban Impacts
Urban development has a direct relationship with the creation of impermeable 
surfaces and has long and lasting affects on the hydrology of a watershed. Stankowski 
(1972) reported that a high correlation exists between the percent impervious coverage 
and the population density of a given area. Several studies have focused on the impacts 
of impermeable surfaces (Leopold, et al 1964, Dunne & Leopold 1978, Ferguson 1995- 
1996). Dunne and Leopold (1978) explained that both the creation of impermeable 
surfaces and the removal of vegetation are associated with urban development. These 
actions force rainwater to runoff surfaces at higher volumes and velocities into stream 
and river channels due to a decrease of permeable area available for percolation (Dunne 
and Leopold 1978, Ferguson, 1995-1996).
Runoff Rates
Runoff rates have been recognized in many studies as a quantifiable measure of 
anthropogenic effects on a watershed (Hammer 1972, Simmons and Reynolds 1982, and 
Arnold and Gibbons 1996). An increase of impermeable surface coverage in a small 
watershed has been shown to have a more severe impact on water quantity than on 
quality (Booth and Leavitt, 1999). Arnold and Gibbons (1996) reported on the 
applicability of using impermeable surface cover as an indicator of the impacts of 
urbanization on watershed's hydrology.
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Hydrologic Models
Several studies have focused on the applicability of hydrologic models to 
calculate runoff rates under changing land use conditions within a watershed. Magilligan 
and Stamp (1997) used the hydro logic model HEC-1 to quantify and compare runoff 
rates in a Georgia watershed for six periods of land use. Grove and Harbor (2001) used 
the Long Term Hydrologic Impact Assessment model to measure and to analyze the 
impacts of development on the surface hydrology of an Indiana watershed. The research 
of Burges, et al. (1998), modeled and compared the runoff rates of an urbanized 
catchment to those of a forest covered catchment.
Land Use Management
Land use management practices that include the potential hydrologic response to 
planning decisions can curtail negative impacts. Planning decisions that are more 
ecologically conscious can be made when the consequences of certain actions are 
understood. Hydrologic models have been used to conceptualize the impacts of 
development. Whipple (1996) explained that models have the ability to predict the 
behavior of a water system given hypothetical circumstances. This offers an objective 
framework in which to solve problems and provides a common understanding between 
conflicting interest groups (Whipple, 1996). A GIS based model was developed by Shea, 
et al (1993) to analyze hydrologic/hydraulic properties in a county-wide drainage study. 
Olsen, et al (2000) presented a dynamic model that could be implemented to determine 
best flood plain management practices. These studies have shown that planning
15
decisions can be made with a hydrologic model as an input factor in the decision making 
process.
Greenspace in Planning
Several planning studies have stressed the importance of greenspace. Greenspace 
is important in urban planning for aesthetic, well-being, economical, and recreational 
purposes in addition to being hydrologically beneficial. Maintaining landscape functions 
and developing with less impermeable surfaces is both economically and environmentally 
sound (Grant, et al, 1996). Vegetation transforms solar energy and decreases flooding 
potential, trees deflect winter winds and block summer rays, and ecological planning 
requires fewer material subsidies (Grant, et al, 1996). Greenways are beneficial 
societally as they increase property values, quality of life, and aesthetics, as well as 
provide recreation (Lindsey and Knaap, 1999).
16
Chapter Five 
Methodology
The Watershed Modeling System (WMS) software package provides an 
environment for the hydro logic model, HEC-1. WMS was selected in part due to its 
compatibility with ArcView 3.2. Within WMS, a digital elevation model (a data format 
for digital topography) was used to delineate the stream courses and the study area basin 
and sub-basins. Land use and hydrologic soils data and a digital elevation model (DEM) 
were required to run HEC-1. Data were prepared in ArcView 3.2. A soil shapefile was 
obtained from the City of Omaha Planning Department. A parcel shapefile was obtained 
from the Douglas County Engineering office. The DEM was downloaded from the 
United States Geologic Society (USGS) National Elevation Dataset website and was 
registered and rectified in ARCINFO. The soil and parcel shapefiles each required 
modification to their databases before they could be used in WMS.
A hydrologic soil type was assigned to each soil group defined within the study 
area according to the documentation for the hydrologic model Technical Release-55 
(Cronshey, et al. 1986). The documentation lists every soil and categorizes it as 
hydrologic soil type A, B, C, or D. Hydrologic soil types refer, "to soils grouped 
according to their runoff-producing characteristics" (Scheinost, 1995). Soils within 
hydrologic Type A have a high infiltration rate and tend to be sandy. In the other 
extreme, soils with hydrologic type D have a high runoff rate and tend to have high clay 
contents. Hydrologic soil types B and C are intermediate between the extremes of A and 
D (Scheinost, 1995). To classify the soils, a new field was added to the soils attributes
17
table in Arc View 3.2 and the table was edited to reflect the hydrologic soils type 
attribute.
Five land use coverages were created for this study; a current land use coverage 
and four hypothetical land use coverages. The land uses w ere categorized as shown in 
Table 1 by adding a new field to the attributes table within Arc View 3.2. The numbers 
used to categorize the land uses wrere based loosely on the land use classification codes 
used by the USGS. The land uses, residential 1/2 acre, residential 1 acre, and industrial 
w7ere used primarily w'ithin the current land use coverage to classify existing land uses. 
These categories wTere not utilized to create the four land use scenarios because the 
growth in this direction was hypothesized for this study to be one-quarter acre lot 
residential development with commercial land use occurring along major arterials. The 
land use scenarios were created to reflect these current trends.
Categorization Land Use
1 Paved Surfaces
8 Open Space
S Residential 1/2 Acre
10 Residential 1 Acre
11 Residential 1/4 Acre
12 Commercial
13 Industrial
14 High Density Residential
21 Agricultural Cropland
52 Water
Table 1; Land uses and their classification
The current land use coverage was defined based upon existing information. The 
parcel shapefiles contained information regarding the land assessor's land use 
classifications. This information was spot-checked with digital ortho photoquads (also
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obtained from the City of Omaha Planning Department), taken in 1998, to create the 
existing land use layer. A detailed land use inventory was not performed. Urban 
development currently covers approximately 30% of the basin.
Four hypothetical land use layers were created as well. The land use scenarios 
represent the westward growth of Omaha. The first represents growth into approximately 
60% of the basin, the second 80% and the third, complete urbanization. The area that 
Omaha’s zoning map covers into the basin is zoned primarily for agriculture. In 
response, the hypothetical land use coverages were created based primarily on current 
trends and are, for the most part, composed of residential 1/4 acre lots with commercial 
land use along major arterials. The fourth hypothetical land use is an alteration of the 
third coverage to includes a greenspace system. The placement of the parks in this 
coverage is based on the proposed "Omaha Suburban Park System," which proposes 
approximately 5% park space within this basin (Omaha Department of Parks and 
Recreation, 1999). The Park System proposes a park in nearly every section of land. The 
five completed coverages were converted to grids using the Spatial Analyst extension in 
Arc View and exported as Ascii Raster Grids.
Within WMS, a DEM was used to create a drainage coverage. Using the DEM, 
WMS calculated flow accumulation and direction and delineated the basin. Sub-basins 
were defined by converting the nodes where tributaries met the streams to outlet points. 
The delineated basin had 17 sub-basins. Area, slope, and stream length were computed 
for each sub-basin within WMS as well, thus creating a drainage coverage.
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With the sub-basins delineated, the land use and soils Ascii grids were imported 
as DEM attributes. These data were used to calculate curve numbers (CN's) for each 
basin. CN's are used often in hydrologic modeling to relate the hydrologic soil type and 
land use with runoff. Commercial land uses, for example, will have a higher curve 
number than an agricultural land use. CN's and runoff rates have a proportional 
relationship, the higher the curve number the higher the runoff rate. The methodology of 
the Soil Conservation Service (SCS) CN method within WMS is a simplified one that 
does not take into account antecedent moisture content, the CN's used are shown in Table 
2. A table was created within W7MS relating the CN with the hydrologic soil type. CN's 
were calculated for each sub-basin of each land use scenario. Within each individual 
basin, WMS averaged the CN's calculated throughout to produce a representative CN.
Classification Land Use A B C D
1 Paved Surfaces 98 98 98 98
8 Open Space 49 69 79 84
9 Residential 1/2 Acre 54 7C 80 85
10 Residential 1 Acre 51 68 79 84
11 Residential 1/4 Acre 61 75 83 87
12 Commercial 89 92 94 95
13 Industrial 81 88 91 93
14 High Density Residential 77 85 90 92
21 Agr cultural Cropland 64 75 82 85
o2 Water 0 0 0 0
Table 2: Curve Numbers
With the representative curve numbers calculated, the HEC-1 model was run for 
each land use scenario to determine runoff rates. With the drainage coverage open, 
precipitation data were assigned for the entire watershed. Omaha is located within a
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Type II rainfall distribution, according to Cronshey (1986). The 2-year 24-hour rainfall 
as, defined by Cronshey (1986), predicts a 7.62cm rainfall for Omaha, Nebraska. The 
2-year 24-hour rainfall was used for this study, because the less severe, but more frequent 
storms have been recognized as a more effective event on the landscape (Leopold, et al. 
1964). A standard SCS 24 hour-Type II rainfall distribution was assigned to the rainfall. 
A name was given to each sub-basin and rainfall data was applied.
The SCS loss method was used to determine rainfall loss, or the “rainfall which 
does not contribute to direct runoff' (Hoggan, 1989, p. 24). Within this dialogue box, 
initial abstraction, curve number and percent impervious surface were required as input 
parameters. Initial abstraction is based upon the CN and was obtained from the SCS 
TR-55 method. The previously calculated CN was used as an input parameter. Percent 
impervious surface per sub-basin was calculated using the area calculation capabilities of 
ArcView 3.2. The synthetic unit hydrograph method from the SCS was used to produce 
hydrographs for each sub-basin. The unit hydrograph estimates the "direct runoff from 
rainfall excess" (Hoggan, 1989, p. 45). The lag time coefficient required for this method 
was calculated within WMS using the CN assigned as well as slope and stream length 
data previously determined by WMS.
The Kinematic wave routing method was used to route water through the model. 
"The parameters of this model are developed from physical characteristics of the basin, 
and equations of motion are used to simulate the movement of water through the system" 
(Hoggan, 1989, p. 254). Physical characteristics of the basin were obtained through field 
work and using a 7.5" USGS quadrangle. Width of the base of the stream and slope of
21
the channel were measured at four locations along the two streams. A Manning's 
roughness coefficient was assigned based upon observation. The data were assigned to 
each outlet point.
The model was calibrated based upon data from a report obtained from a local 
engineering firm (HDR, 1997) which contained rainfall runoff data for one major storm 
event on September 2, 1997. A gage was located at the same approximate location as the 
southernmost outlet of the study area. The rain gauge recorded 7.47 cm of rain and a 
peak discharge of 240 cubic meters per second (HDR, 1997). The only temporal data 
available was that the event was recorded over approximately a seven hour period. HEC- 
1 produced a 261 cubic meters per second (cms) peak discharge when run with 7.47cm of 
rain over a 7 hour time period. The increments of time were evenly distributed due to 
lack of hourly temporal data. The even distribution o f precipitation by HEC-1 may 
account for the 21 cms difference between the gaged event and the runoff produced by the 
model.
The model was run for the five land use coverages. The hydro graphs produced by 
WMS depict runoff rates for outlet points and individual sub-basins. Peak discharge 
volumes predicted by HEC-1 were analyzed for each land use scenario. Relationships 
between changes in land use and runoff rates were determined by comparing the 
discharge at given outlets within each scenario. The percent by which the peak discharge 
had changed from the current land use was calculated and the given outlets were ranked 
from low to high based upon this change. This study looked both at the change in peak 
discharge at outlets for the entire basin and at individual sub-basins. The model produced
22
peak discharge rates for the individual sub-basins, allowing the impacts of greenspace 
and development on the localized hydrology to be analyzed.
23
Chapter Six 
Kesults and Discussion
iMtid Use
Five land use coverages were created using Arc View 3.2 for this study. The 
resulting coverages created depicted hypothetical urban growth within the study basin. 
Current developed land uses were not altered for any of the coverages. The four 
hypothetical scenarios were created primarily with low density residential land uses with 
one-fourth acre lots, and commercial land use along major arterials. The first land use 
coverage shows current land use (Figure 2). This coverage contains approximately 70% 
open space/agriculture use. Developed land, (residential, commercial, and industrial) 
occupies 30%.
CurTeni Land Use
§ P a\ ed S urfaces O p en  space  CD R esiden tia l A cre 
R esiden tia l I Acre 
R esiden tia l ’ > A cre 
C om m erc ia l 
Industria l
H igh Densrtc R esiden tia l 
A gricu ltu ral C rop land  
W ater
Figure 2: Current land use
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Land use scenario one (Figure 3; shows a 30% growth in development over the 
current land use. This coverage contains approximately 40% agricultural use and open 
space and 60% urbanized land.
Lani Use Scenario One 0
P av ed  S u rfa c e s  
O p en  spaee  
R es id en tia l '/j A ere 
R e s id e n tia l I A cre  
R e s id e n tia l M A c re  
C o m m e rc ia l 
In d u s tr ia l
H ig h  D ensitv  R esid en tia l 
A g ric u ltu ra l C ro p la n d  
W ater
Figure 3: Land use scenario one
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Land use scenario two (Figure 4) shows a 50% growth of development over the 
current land use. It maintains approximately 20% agriculture use and open space with 
80% developed land.
L an d  U se  S cen a rio  T\vo
P av ed  S u rfaces  
K S a i  O p e n  sp ace
B R es id en tia l 'A A cre  R e s id e n tia l 1 A cre  R e s id e n t ia l1 \  A cre  
1 C o m m e rc ia l 
In d u s tr ia l 
I H ig h  D ensity R es id en tia l 
I A g ric u ltu ra l  C ro p la n d  
W ater
Figure 4: Land use scenario two
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Land use scenario three (Figure 5) shows the basin completely developed with 
3.7% of the land use classified as open space. The open space in this coverage represents 
an existing golf course and a few small existing parks. This coverage shows a 70% 
increase of developed land from the current land use coverage.
Land U se  Scenario Three
F j  Paved Surfaces
P " 1  Residential 1: A cre 
SB Residential 1 Acre 
C U T  Residential 11 A cre SB Commercial 
U V  Industrial
BHigh Density Residential Agricultural Cropland Water
Figure 5: Land use scenario three
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Land use scenario four (Figure 6) was created by adding a greenspace system to 
scenario three. It shows the basin completely developed with added greenspace in nearly 
every section. The location for the added greenspace was based upon the ’’Omaha 
Suburban Parks Plan" map (Omaha Department of Parks and Recreation, 1999). 
Approximately 5% of greenspace was added to land use scenario three, therefore land use 
scenario four is approximately 8.37% greenspace.
L and  U se Scenario  F our
jWjjjf Pa%ed Surfaces 
2 H 3  Open space
R esidentia l '6  A cre 
I R esiden tia l I A cre  
! R esiden tia l 'A A cre 
| C om m erc ia l 
I Industrial
! H igh Densit> R esiden tia l 
I A g ricu ltu ra l C ropland  
! W ater
Figure 6: Land use scenario four
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Soils
The soils coverage created (Figure 7) shows the hydrologic soil types in the basin. 
Table 3 displays the total area of each hydrologic soil type w ithin the basin. The basin is 
primarily hydrologic soil type B. Some of the topographically higher areas are Type A.
H ydrologic Soil T ype 
B M  A
«  B 
C
I IP
Figure 7: Hydrologie Soil Types
Soil Type Area in Km**
A 9.3
B 77 7
C 1.8
D 2.9
Table 3: Area of hydrologie soil types within the basin
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Watershed Delineation
A DEM was used to delineate the basin and its sub-basins within WMS. 
Seventeen sub-basins were created. Figure 8 shows the drainage coverage, or the DEM 
and the resulting drainageways and basin with its sub-basins. The yellow circles 
represent outlet points. The darker blues represent higher elevations while the yellows 
and light green represent lower elevations.
Figure 8: Drainage coverage
Runoff Rates for Entire Basin
To compute CN's, the land use coverages and the soil coverage were converted to 
ascii raster grids using the Spatial Analyst extension in ArcView 3.2. CN's were 
computed for each land use scenario. The drainage coverage, as well as land use grid and
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the soil type grid were used to compute CN's for each sub-basin. Figure 9 shows the 
CN's generated for land use scenario three.
Figure 9: Curve numbers generated for land use scenario three
Once the CN's were computed, the HEC-1 model was used to assign basin and 
routing data. The results produced with the five land use scenarios confirm a relationship 
between runoff rates and land use intensity. Four of the 9 outlet points, Out2C, Out 1C, 
Nor2C, and West4C, and 4 of the 17 sub-basins, Northl, North2, W estl, and West2, 
were used to best display the results (Figure 10). Out2C is the southernmost outlet in the 
basin. OutlC is located at the confluence of the West and North branches. Nor2C is the 
most downstream outlet on the North branch. West4C is not the most downstream outlet 
on the West branch, but was selected because it is relatively equidistant with Nor2C from
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the confluence of the two streams. The four sub-basins, North 1, North2, W estl, and 
West2, represent both branches as they are developed throughout the five scenarios.
(North 1
(North
Nor2C
West4C
OutlC
Out2C
Figure 10: Outlets and sub-basins used for analysis
Results from the HEC-1 model show a distinct relationship between the percent of 
developed land and runoff rates. The five hydrographs below, and their corresponding 
tabular data, show that the peaks of the hydrographs increase from the current land use 
through land use scenario three. Land use scenario four shows a decrease in peak 
discharge compared to scenario three.
Peak discharge at Out2C (Figure 11 and Table 4) for the current land use (CLU) 
coverage was 15.58 cms. OutlC is approximately 2.6 km upstream from Out2C and only 
one sub-basin drains into the stream system along this stretch. Therefore hydrographs 
produced for OutlC and Out2C show similar shapes with peak discharge at OutlC
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slightly lower than that at Out2C. West4C drains more in area than Nor2C, explaining its 
higher peak compared to Nor2C. Nor2C has a wider base than West4C because it flows 
through more unurbanized land.
Figure 11:
Outlet
CLU
Peak
Nor2C 3 91 cms
West4C 5.69 cms
OutlC 13.45 cms
Out2C 15.58 cms
Table 4: Tabular data for current land use
Land use scenario one produced a peak discharge at Out2C of 21.9Scms (Figure 
12 and Table 5), a 41% increase over the current land use discharge. The peak discharge 
of OutlC, West4C and Nor2C are all higher, at 47%, 89%, and 38% respectively, than
Current Land Use 
PEAK: 15.58; TIME OF PEAK: 12
25.0C
Hydrograph for
5:00 10 00 1500 20:00
Time Hours
current land use
OufC
his. 45 min. 
Out2C
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the current land use as well. Nor2C, OutlC, and Out2C all increased in peak flow' by 
around 40%. Table 5 showrs the rank, from low'est to highest, o f percent change in peak 
discharge from the current land use. West4C experienced the highest increase in peak 
discharge from the current land use, followed by Out2C, OutlC, and then Nor2C.
Wcst4C increased in peak flow' by 89%, the greatest of the three outlets, because the 
basins draining into the West branch experienced the greatest increase in developed land 
at 40.2% over the current land use. Nor2C show ed the smallest increase because the area 
upstream from this point is the least developed, at a 15.7% increase in developed land 
over the current land use.
Land Use Scenano One
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Figure 12: Ilydrograph for land use scenano one
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Outlet
Scenario 1 
Peak
CLU
Peak
% Change 
from CLU
Rank
Nor2C 5.41 cms 3.91 cms 38% 1
West4C 10 78 cms 5.69 cms 89% 4
OutlC 19.71 cms 13.45 cms 47% 3
Out2C 21-98 cms 15.58 cms 41% 2
Table 5: Tabular data for land use scenario one
Land use scenario two produced a peak at Out2C of 25.41 cms (Figure 13 and 
Table 6), a 63% increase from the current land use. OutlC, Nor2C and West4C have 
similarly shaped hydrographs to the current land use and scenario one, but the elevated 
peaks indicate higher discharge amounts by 72.12%, 85.93%, and 123.0% respectively. 
This is a direct result of the increase of developed area. Table 6 shows the rank order, 
from lowest to highest, of percent change in peak discharge from the current land use and 
from land use scenario one. From land use scenario one, Out2C now exhibits the lowest 
percent change, with OutlC now second. Nor2C, second highest in scenario two, had the 
greatest change in peak discharge, as compared to its lowest percent change status from 
the current land use to land use scenario one. West4C still has the highest percent 
change. This occurs because in land use scenario two, many of the sub-basins in the 
headwater of the west branch are now developed. Nor2C increased form lowest to 
second highest for the same reason, development of more area in and near the 
headwaters. The North branch sub-basins increased in developed land by 48.3% over the 
current land use while the West branch sub-basins increased by 74.4% over the current 
land use. OutlC and Out2C are now the second lowest and lowest respectively because 
spatially they are at the downstream end of the basin where the percent change is
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buffered because the two locations represent where all the water in the sub-basins 
eventually flows, making the nature of the change less dramatic.
Figure 13: Hydrograph for land use scenario two
Outlet
Scenario 2 
Peak
CLU
Peak
% Change 
from CLU
Rank 
CLU to S1
Rank 
CLU to S2
Nor2C 7.27 cms 3,91 cms 85.93% 1 3
West4C 12.69 cms 5.69 cms 123.0% 4 4
OutlC 23.15 cms 13.45 cms 72.12% 3 2
Out2C 25.41 cms 15.58 cms 63.09% 2 1
Table 6: Tabular data for land use scenario two
Land use scenario three produced a peak discharge of 27.94 cms at Out2C (Figure 
14 and Table 7). This is a 79.33% increase over the current land use. Peak discharge at 
outlets OutlC and Out2C, which were 25.82 cms and 27.94 cms respectively, became
Nor2C
West4C
PEAK:
OutlC
Land Use Scenano Two 
25.41; TIME OF PEAK: 12 hrs. 45 min.
25:0C10:00 15:00
Time Hours
20:00
Out2C
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closer when all o f the land in the basin w'as developed. The rank order now indicates that 
Out2C is again exhibiting the smallest change, which is to be expected as it is at the far 
downstream end of the basin. Outl C is again the second to lowest, because, like Out2C, 
it is at the downstream end of the basin. Outlets Nor2C and West4C have now' switched 
rank order position with Nor2C now’ highest. This occurred because the northernmost 
basins draining into the North branch were not developed until scenario three while 
headwaters to West4C experienced complete urbanization in scenario twTo. This is 
indicated in the hydrograph where peak discharge from scenario tw o to scenario three 
stays the same for West2C and increases by 42% at Nor2C.
Land Use Scenano Three
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Figure 14: Hydrograph for land use scenano three
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Outlet
Scenario 3 
Pe&k
CLU
B i lk
% Change 
From CLU
Rank 
CLU to S1
Rank 
CLU to S2
Rank 
CLU to S3
Nor2C 10.31 cms 3.91 cms 163,7% 1 3 4
West4C 12.69 cms 5.69 cms 123.0% 4 4 3
OutlC 25 82 cms 13.45 cms 91.97% 3 2 2
Out2C 27 94 cms 15.58 cms 79.33% 2 1 1
Table 7: Tabular data for land use scenario three
Land use scenario four shows a peak discharge of 26.37cms at outlet Out2C 
(Figure 15 and Table 8), which is a 69.26° o increase from the current land use. The 
addition of greenspace in this scenario decreased the volumes of runoff when compared 
to scenario three. Peak discharge at Out2C, OutlC, West4C and Nor2C decreased by 
6%, 6.2%, 14.3%, and 6.3% respectively. West4C proved to be an anomaly due to the 
golf course located within this sub-basin and the water body added in scenario four. The 
rank for each outlet did not change from scenario three to scenario four. The greenspace 
was evenly distributed across the basins therefore the subsequent reduction in runoff rates 
was relatively even as well.
The shape o f the hydrographs remained similar to those produced in scenario 
three but the establishment of the greenspace system decreased the peak discharge at all 
four outlets. As Table S shows, the change in runoff rates between scenario three and 
scenario four, while not dramatic, is important. Outlets Nor2C, \Vest4C, OutlC, and 
Out2C decreased in peak discharge 0.61 cms, 0.88 cms, 1.50 cms, and 1.57cms 
respectively, or by 6.29%, " .45%, 6.17%, and 5.95% respectively. The change in runoff 
rates as they respond to the greenspace system can be explained spatially. Out2C and 
OutlC experienced the greatest decrease in peak discharge in cms between scenario three
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and scenario four because, these locations are in the southern portion of the study area, 
and they are thus in the portion of the watershed that receives all o f the basins' 
streamflow. Outlets Nor2C and West 4C experienced a decrease in runoff rates as well, 
but not as great as the southern outlets because these outlets receive runoff from only a 
portion of the watershed. All four outlets showed a decrease in the percentage of runoff 
rates between scenario three and four. Out2C had the lowest decrease, while West 4C 
had the highest percentage decrease because, compared to West 4C, Out2C drains a 
larger area. Because Out2C drains a larger area, the effect that greenspace has on runoff 
rates is not as great when compared to that of West4C
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Figure 15: Hydrograph for land use scenano four
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Outlet
Scenario 
4 Peak
CLU
Peak
% Change 
From CLU
% Change 
S3 to S4
Rank 
CLU to 
S1
Rank 
CLU to 
S2
Rank 
CLU to
S3
Rank 
CLU to 
S4
Nor2C 9.70 cms 3.91 cms 148.1% 6.29% 1 3 4 4
West4C 11.81 cms 5.69 cms 108.6% 7.45% 4 4 3 3
OutlC 24.32 cms 13.45 cms 80.82% 6.17% 3 2 2 2
Out2C 25.37 cms 15.58 cms 59.25% 5 95% 2 1 1 1
Table 8: Tabular data for land use scenario four
The hydrographs produced for the five land use coverages simulate the impact of 
development on runoff rates. Figures 16 and 17 and Tables 9 and 10 summarize the five 
coverages. Figure 16 shows the increase in developed land with each scenario. Figure 
17 shows peak runoff rates at outlets Out2C, OutlC, West4C, and Nor2C as they respond 
to the percentage of developed land in the basin. The land use scenarios produced for 
this study "developed" the basin from its current land use to a hypothetical completely 
developed land use coverage with and without a greenspace system. Figures 16 and 17 
show that the peak discharge increased for each land use scenario from the current land 
use. As the basin was developed, the amount of pervious surfaces was reduced and the 
flow paths for rainfall were smoother and shorter, thus increasing peak discharge, The 
peak discharge also increased from scenario one through scenario three. Scenario four 
produced a decrease in peak discharge at outlets Out2C, OutlC, West4C, and Nor2C by 
5.95%, 6.17%, 7.45° o, and 6.29% respectively when compared to scenario three. With 
the addition of the greenspace, curve numbers and percent of impermeable surfaces were 
decreased thus reducing runoff rates. As the area of impervious surfaces decreased, the 
area into which precipitation could percolate increased.
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Figure 16: Percent developed land
Land Developed
Current Land Use 30.0%
Scenario 1 60.0%
Scenario 2 80.0%
Scenario 3 100.0%
Scenario 4 95.0%
Table 9: Percent developed land
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Figure 17: Peak discharge for each scenario at each outlet
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Out2C OutlC West4C Nor2C
Current Land Use 15 58 13.45 5.59 3.91
Scenario 1 21.98 19 71 10.78 5.41
Scenario 2 25 41 23.15 12.59 7.27
Scenario 3 27.94 25.82 12.69 10.31
Scenano 4 25.37 24.32 11.81 9.7
Table 10: Peak discharge for each scenario at each outlet
Runoff rales fo r North branch and West branch sub-basins
While development and greenspace do have an impact on the entire basin, this 
impact is important on local level as well. Sub-basins of the North and West branches 
were analyzed individually to examine this influence at a smaller scale. HEC-1, within 
WMS, generated runoff rates for each individual sub-basin. Four of the sub-basins,
North 1, North2, W estl, and West2 (Figure 10) were used for the purpose of this study. 
Figure 18 and Table 11 depict the percentage of development in these four sub-basins per 
land use scenario. Figure 1S indicates that development occurred in the West branch and 
southern portion of the North branch sooner than in the northern portion of the North 
branch. It also shows that eventually all sub-basins, with the exception of West2, were 
completely developed. Basin West2 shows a lower percentage of development because 
much of the area is already developed as a golf course. In scenario four, a water body 
was also added to West2, which also decreased the amount of developed land. North2 
and Westl were developed completely in scenario two, showing the greatest increase in 
developed land compared to the current land use. North 1, at the headwaters of the basin, 
was the last to be completely developed in scenario three. The location of the sub-basins
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within the study area determined the rate at which they were developed, thus influencing 
runoff rates of each coverage.
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Figure 18: Percent of developed area for each land use scenario per sub-basin
Current Land Use Scenario 1 Scenario 2 Scenario 3 Scenario 4
North 1 6.9% 6,9% 19.3% 99.9% 96.5%
North 2 21.2% 69.5% 97.1% 97.3% 94.9%
West 1 17.0% 41.3% 99.9% 99.9% 96.7%
West 2 16.4% 38.2% 73 3% 73.3% 67.0%
Table 11: Percent of developed area for each land use scenario per sub-basin
The impact of developed land on runoff rates can be visualized in Figure 19. By 
comparing Figures 18 and 19, the response of runoff rates to development can be clearly 
seen. Table 11 displays the percentage of developed land within each sub-basin for each 
land use scenario. Table 12 shows the resulting runoff rates produced by the model for 
each sub-basin in each land use coverage and the percentage of change between scenarios 
three and scenario four. The graphs 18 and 19 depict similar trends. North2 ami Westl 
are developed 21.2% and 17.0% respectively in the current land use and are developed
North 1 
North 2 
West 1 |! 
West 2
43
69.5% and 41.3% respectively in scenario one. They were both completely developed in 
scenario two. West2 was developed from 16.4% in the current land use to 38.2% in 
scenario one. The basin is completely developed by scenario two but has a low 
percentage of developed land, at 73.3%, because 26.7% of the land is occupied by a golf 
course and a water body. The sub-basin North 1 was developed later than the southern 
basins. North 1 was 6.9% developed in both the current land use and in scenario one. In 
scenario two it was 19.3% developed and it was completely developed in scenario three. 
The percent of developed land was decreased by 3% to 6% for each sub-basin in scenario 
four. These development patterns show similar trends to the patterns seen in the runoff 
rates for each basin in each scenario.
—©— North 1 
— North 2 
—ak—West 1 
—>^-West 2
Current Scenario 1 Scenario 2 Scenario 3 Scenario 4 
Land Use
Figure 19: Peak discharge for each land use scenario per sub-basin
Current Land 
Use
Scenario 1 Scenario 2 Scenario 3 Scenario 4 % Change 
S3 to S4
North 1 0.86 cms 0.94 cms 0.97 cms 2,99 cms 2.79 cms 7.17%
North 2 1.58 cms 3.16 cms 3.46 cms 3.46 cms 3.35 cms 3.28%
West 1 0.95 cms 1 92 cms 3.04 cms 3.04 cms 2.95 cms 3.05%
West 2 0.79 cms 1.6 cms 1.93 cms 1.93 cms 1.68 cms 14.88%
Table 12: Peak discharge per sub-basin and percent change from Scenario three to four per sub-basin
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As Figure 19 indicates, sub-basin North2 has the highest peak runoff rates for 
each scenario. This occurs for two reasons. First, it is highly developed and second it is 
the largest of the four sub-basins analyzed and therefore drains the most area. Sub-basin 
Westl follows the pattern of Northl. Both North2 and Westl were completely developed 
by scenario two, this is reflected in the runoff rates. Runoff rates increase sharply for 
both between the current land use and scenarios one and two. They reach a plateau at 
scenario two and decrease with the addition of greenspace in scenario four. The peak 
discharge rates in sub-basin West2 reflect the golf course development within the sub­
basin, as they are lower than those of the other three basins. The last sub-basin to be 
developed, North2, shows a large increase in peak discharge between scenario two and 
scenario three. North2 was developed by an additional 80.6% between these scenarios.
All four scenarios show a decrease in runoff rates with the addition of greenspace. 
Northl, North2, W estl, and West 2 decreased in peak discharge from scenario three to 
scenario four by 7.17%, 3.28%, 3.05%, and 14.88% respectively. Sub-basin Northl 
decreased by a greater percent than sub-basin North2. As Table 11 shows, the amount of 
developed land in Northl decreased by 3.4% and in North2 by 2.4% between scenarios 
three and four. A comparison between these two sub-basins suggests that the percent of 
greenspace added has a direct relationship with the decrease in peak discharge. Peak 
discharge for sub-basin Westl was decreased by 3.05% and for sub-basin West2 by 
14.88%. Sub-basin West2 decreased by such a dramatic percentage because not only 
was much of the land occupied by a golf course, but also because a small water body was 
added to scenario four as dictated by the Suburban Parks Plan. While the addition of
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approximately 5% greenspace in an urban setting does have an impact on runoff amounts 
and peak discharge values basin-wide, this impact is much more dramatic when a higher 
percentage of the land use is “green.” This is observed in sub-basin West2 where the golf 
course exists.
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Chapter Seven 
Conclusions
This thesis began by asking three research questions. Five land use coverages 
representing an increasingly developed sub-basin of the Papillion Creek Watershed were 
created and the HEC-1 hydro logic model was used to simulate a rainfall event for each 
coverage. The results of the runoff rates produced by the model for each coverage were 
used to answer the research questions.
The first question asked, how is a greenspace system hydrologically beneficial in 
an urbanized watershed? The results from this study show that a watershed that has been 
developed with 5% added greenspace will produce lower runoff rates by approximately 6 
to 7 percent. This can be further explained in answering the second question, which 
asked, given five land use scenarios, how will runoff rates respond? According to the 
data generated by HEC-1, runoff rates share a direct relationship with the amount of 
developed land. As the amount of developed land increases, the peak stream discharge 
also increases. The largest increase in peak discharge, at the southernmost outlet of the 
study area, occurred from the current land use to land use scenario one. Current land use 
to scenario one also showed the greatest increase in development, with 30% more of the 
watershed developed. Results from land use scenario four show a decrease in runoff 
rates for the watershed. The greenspace system provided increased water-holding 
capacity for the watershed and reduced runoff rates by six percent. Factors influencing 
the amounts by which runoff rates were influenced seem to be the spatial location of the 
outlet, area draining into the outlet or contributing to the sub-basin, and the percent of 
developed land.
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Hydrologic benefits were noted at a sub-basin level as well. Individual sub-basins 
realized a decrease in peak discharge from the third to the fourth scenario. The lowest 
percent change in peak discharge was 3.05% while the highest was 14.88%. The amount 
of developed land within each sub-basin between scenarios three and four played a 
significant role in the percent change of peak discharge. The amount of developed land 
was higher in the sub-basin with the lowest percent change. A golf course existed in the 
sub-basin with the highest percent change and a water body was added to the fourth 
scenario within this basin. These are open spaces that do not contribute to the creation of 
impermeable surfaces within an urban setting. The amount of space dedicated to the golf 
course and water body has an obvious impact on runoff rates when compared to the other 
sub-basins by decreasing peak discharge rates. The ability of greenspace to lower runoff 
rates is apparent within this sub-basin.
The last question asked was, why is greenspace an important aspect for urban 
planning and development? Greenspace adds to the water-retention capacity of the 
watershed. This has an impact on runoff rates due to a decrease in impermeable surfaces 
which can have an effect on the severity of flood impacts downstream during storm 
events. As rainwaters are contained upstream, the downstream volumes will decrease. 
Greenspace plays an important role in the urban setting and its incorporation into 
development plans will aid in the overall success, both culturally and physically, of the 
urban setting.
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Contribution o f Research
The benefits of greenspace in an urban setting have been valued for enhancing 
quality of life and for aesthetic, recreational and economic purposes. This research was 
important as it validates the hydrologic benefits of greenspace in an urbanized watershed. 
It illustrated that as urban development takes place, runoff rates are directly affected. 
While the process of development is not expected to be curtailed, urban planning with 
greenspace is beneficial both culturally and, as this study shows, physically.
The Suburban Parks Plan proposed by the City of Omaha's Parks and Recreation 
Department, suggests approximately 5% of parks, or greenspace, to be incorporated into 
future development sites. This thesis shows that while the greenways will have 
hydrologic benefits at both local and basin-wide levels, these benefits will not be 
dramatic. Through this research an obvious relationship has been established between 
the amount of developed land and the runoff rates. This relationship is evident at both 
local and basin-wide scales. The focus at the sub-basin level revealed that the sub-basin 
with the golf course and water body produced a much lower peak discharge than those 
with only the proposed parks. This leads to the suggestion that greater than 5% of 
greenspace be incorporated into urban development plans. The benefits of greenspace 
are significant hydrologically because they can reduce flooding impacts both within the 
basin and downstream. The hydrologic benefits will only increase with the addition of 
greenspace within an urban setting.
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Future Research
By analyzing how these five land use scenarios affected flooding potential 
downstream, planners and developers can attain a greater understanding of the impacts of 
urbanization and of greenspace on runoff rates. This study can be expanded by 
conducting further research outside of the study basin and by determining the impacts of 
increased runoff rates on downstream urbanized areas. An economic study could also be 
completed that examines the damage potential of flooding predicted by applying 
watershed modeling techniques to urbanized areas. This thesis has shown how 
greenspace is beneficial hydrologically, while past research has proven that greenspace is 
beneficial aesthetically, economically, and recreationally. Further research could focus on 
the impacts that greenspace has not only on downstream urban areas, but also on entire 
watersheds.
Development that occurs in the upstream reaches of watersheds has a great impact 
on downstream reaches. This watershed approach is becoming increasingly important for 
environmental scientists, and is a methodology that can be adopted by planners as a 
means to quantify these impacts of development. This thesis has shown that the complex 
matter of quantifying runoff in urban areas can be simplified so that the methodology, 
results, and conclusions are understandable to planners, developers, government officials, 
and the general public. Simplifying the approach of such a complex problem will offer 
planners access to tools that will enhance the understanding of the environmental 
components of urban planning. As the field of environmental planning emerges and as
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scientists gain a better understanding of the impacts of urban development, these tools 
will play an important role in the land use management decision making process.
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